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(54) DISPOSABLE BIOPROCESS BAG, MANUFACTURING METHOD THEREFOR, HOT-MELT 
ANNULAR WELDING MACHINE

(57) The present invention provides a disposable bi-
oprocess bag, a manufacturing method therefor and a
hot-melt annular welding machine, relating to the tech-
nical field of biopharmaceutics. The manufacturing meth-
od comprises: preparing a first cropping template to a
fourth cropping template according to a top, an upper
portion, a lower portion and a bottom of a bioreactor;
cropping a raw material film according to the first cropping
template to the fourth cropping template to obtain a first
membrane material to a fourth membrane material,
wherein the fourth membrane material directly serves as
a rounded bottom; welding at least two pockets on the
first membrane material to obtain a rounded top; welding
the second membrane material to obtain a cylindrical up-
per portion; welding the third membrane material to ob-
tain a lower portion in the shape of an inverted rounded
truncated cone; and welding, using a hot-melt annular
welding machine, the rounded top, the cylindrical upper
part, the lower portion in the shape of an inverted rounded
truncated cone and the rounded bottom, to obtain a dis-
posable bioprocess bag. According to the present inven-
tion, the physical properties of the welded edge of the
disposable bioprocess bag are improved, and the fit of
the disposable bioprocess bag to the bioreactor are also
enhanced.
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Description

Field of The Invention

[0001] The present invention relates to biopharmaceu-
tical technical field, and in particular, the present inven-
tion relates to a single-use bioprocessing bag and man-
ufacturing method thereof, and a hot-melt ring welding
machine.

Background of The Invention

[0002] With the continuous development of biophar-
maceutical technology, single-use systems (Single-use
Systems, referred to simply as SUS) have become more
and more widely used. Single-use bioprocessing bags,
as supporting supplies for single-use systems, still have
many deficiencies in actual production process and in
practical applications.
[0003] The existing single-use bioprocessing bags un-
dergo multiple straight-line welding during the production
process, and there are many overlapping parts of welding
edges, and physical properties of the multiple overlap-
ping parts are significantly reduced, which increases
risks of rupture of the single-use bioprocessing bags and
leakage of culture liquid in the bags. At the same time,
in actual application process, the poor conformability be-
tween the existing single-use bioprocessing bags and
bioreactors will cause flow field of the culture liquid inside
a culture system to deviate from ideal flow field confirmed
during design, which affects the final cell culture effect.

Summary of The Invention

[0004] The present invention provides a single-use bi-
oprocessing bag and a manufacturing method thereof,
and a hot-melt ring welding machine, which can improve
physical properties of a welding edge of the single-use
bioprocessing bag, and at the same time improve the
conformability between the single-use bioprocessing bag
and a bioreactor.
[0005] In the first aspect, the present invention pro-
vides a manufacturing method of single-use bioprocess-
ing bag, wherein:

the single-use bioprocessing bag is used to be
placed in a bioreactor, with an upper top of the bio-
reactor being circular, an upper part of the bioreactor
being cylindrical, a lower part of the bioreactor being
inverted truncated cone shape, and a lower bottom
of the bioreactor being circular, the single-use bio-
processing bag comprises a circular upper top, a cy-
lindrical upper part, a lower part of an inverted trun-
cated cone, and a circular lower bottom, with the
circular upper top having at least two bag openings;

the manufacturing method comprises:

a first cutting template, a second cutting tem-
plate, a third cutting template, and a fourth cut-
ting template being made respectively accord-
ing to the upper top, the upper part, the lower
part and the lower bottom of the bioreactor;

cutting a raw film material according to the first
cutting template to obtain a first film material,
cutting the raw film material according to the sec-
ond cutting template to obtain a second film ma-
terial, cutting the raw film material according to
the third cutting template to obtain a third film
material, cutting the raw film material according
to the fourth cutting template to obtain a fourth
film material, and the fourth film material directly
serving as the circular lower bottom;

welding the at least two bag openings on the
first film material to obtain the circular upper top;

welding the second film material to obtain the
cylindrical upper part;

welding the third film material to obtain the in-
verted truncated cone lower part;

using a hot-melt ring welding machine to weld
the circular upper top, the cylindrical upper part,
the inverted truncated cone lower part, and the
circular lower bottom to obtain the single-use
bioprocessing bag, wherein the hot-melt ring
welding machine is used to weld an annular
welding edge.

[0006] Optionally, the error between the size of the first
film material and the size of the first cutting template is
less than or equal to 2 mm, the error between the size
of the second film material and the size of the second
cutting template is less than or equal to 2 mm, the error
between the size of the third film material and the size of
the third cutting template is less than or equal to 2 mm,
and the error between the size of the fourth film material
and the size of the fourth cutting template is less than or
equal to 2 mm.
[0007] Optionally, when cutting the raw film material,
two layers of the raw film material at the most are cut
each time.
[0008] Optionally, when welding the at least two bag
openings on the first film material, the processing param-
eters are as following:
the air pressure is 0.5 MPa, the temperature of the upper
mold is 110 °C 6 2 °C, the temperature of the lower mold
is 80 °C 6 2 °C, the gap between the upper mold and
the lower mold is 1.5 mm, the welding time is 6 s ∼ 8 s,
and the width of the welding edge is 8 mm.
[0009] Optionally, when welding the at least two bag
openings on the first film material, a layer of high tem-
perature cloth is placed on a non-welding surface of the
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first film material.
[0010] Optionally, when welding the second film ma-
terial, the processing parameters are as following:
the air pressure is 0.6 MPa, the temperature of the upper
mold is 135 °C 6 2 °C, the temperature of the lower mold
is 90 °C 6 2 °C, the gap between the upper mold and
the lower mold is 0.6mm, the welding time is 6 s ∼ 9 s,
the width of the welding edge is 10 mm, and the thickness
of the welding edge is 0.6 mm 6 0.1 mm.
[0011] Optionally, when welding the third film material,
the processing parameters are as following:
the air pressure is 0.6 MPa, the temperature of the upper
mold is 135 °C 6 2 °C, the temperature of the lower mold
is 90 °C 6 2 °C, the gap between the upper mold and
the lower mold is 0.6 mm, the welding time is 6 s ∼ 9 s,
the width of the welding edge is 10 mm, and the thickness
of the welding edge is 0.6 mm 6 0.1 mm.
[0012] Optionally, when using the hot-melt ring welding
machine to perform welding of the circular upper top, the
cylindrical upper part, the inverted truncated cone lower
part, and the circular lower bottom, the processing pa-
rameters are as following:
the air pressure is 0.6 MPa, the temperature of the upper
mold is 135 °C 6 2, the welding time is 50 s ~ 55 s, and
the width of the welding edge is 10 mm. In this embodi-
ment, the lower mold is not heated.
[0013] Optionally, the manufacturing method further
comprises: during the process of using the hot-melt ring
welding machine to perform welding of the circular upper
top, the cylindrical upper part, the inverted truncated cone
lower part, and the circular lower bottom, the upper mold
and the lower mold of the hot-melt ring welding machine
are changed according to the diameter of the circular
upper top and the diameter of the circular lower bottom,
respectively.
[0014] Optionally, the manufacturing method further
comprises: after obtaining the single-use bioprocessing
bag, performing an air tightness test on the single-use
bioprocessing bag using a pressure drop method.
[0015] Optionally, in the pressure drop method, the pa-
rameters of a pressure holding process are as following:

the ambient temperature is 26 °C 6 2 °C in summer
time, 20 °C 6 2 °C in winter time, the humidity is
40%-60%, and a pressure holding time is 48 h;

when the volume of the single-use bioprocessing
bag is 5 L, the holding pressure is 4 kPa; when the
volume of the single-use bioprocessing bag is 50 L,
the holding pressure is 2 kPa; when the volume of
the single-use bioprocessing bag is 300 L, the hold-
ing pressure is 0.6 kPa; and when the volume of the
single-use bioprocessing bag is 1200 L, the holding
pressure is 0.3 kPa.

[0016] In the second aspect, the present invention pro-
vides a single-use bioprocessing bag made with any of
the above manufacturing methods of a single-use bio-

processing bag.
[0017] In the third aspect, the present invention pro-
vides a hot-melt ring welding machine, comprising a
base, a support, an upper mold, a lower mold, a cylinder,
and a screw guide rail, wherein the lower mold is detach-
ably connected to the base, the support is fixed to one
end of the base, the screw guide rail is fixed on the sup-
port, the cylinder is fixed on the screw guide rail, the upper
mold is detachably connected to the bottom of the piston
of the cylinder, the upper mold is of an arc-shaped piece,
the lower mold is a hollow cylinder, the upper mold has
a built-in heating module, and the lower mold is able to
rotate about its axial direction at any angle between 0
and 360°.
[0018] Optionally, a silicone plate is laid on the upper
surface of the lower mold.
[0019] Optionally, the thickness of the silicone plate is
2 mm.
[0020] Optionally, the hot-melt ring welding machine
comprises two cylinders, in the vertical direction the po-
sition of the screw guide rail overlaps with the position of
the symmetry axis of the upper mold, and the two cylin-
ders are symmetrically arranged with respect to the sym-
metry axis of the upper mold.
[0021] The present invention provides a single-use bi-
oprocessing bag and manufacturing method thereof, and
a hot-melt ring welding machine. On one hand, because
during the process of manufacturing the single-use bio-
processing bag using the above manufacturing method
of the single-use bioprocessing bag, at least two bag
openings are welded on the first film material to obtain
the circular upper top, the second film material is welded
to obtain the cylindrical upper part, the third film material
is welded to obtain the inverted truncated cone lower
part, and the hot-melt ring welding machine is used to
weld the circular upper top, the cylindrical upper part, the
inverted truncated cone lower part, and the circular lower
bottom, so as to obtain the single-use bioprocessing bag,
there are fewer welding times, fewer welding edges, and
smaller overlapping parts of the welding edges during
the manufacturing process of the single-use bioprocess-
ing bag, which can improve the physical properties of the
welding edge of the single-use bioprocessing bag and
reduce the risk of rupture of the single-use bioprocessing
bag and the leakage of the culture liquid in the bag. On
the other hand, because the first film material, the second
film material, the third film material and the fourth film
material are all made by cutting the raw film material ac-
cording to the first cutting template, the second cutting
template, the third cutting template and the fourth-cutting
template that are made based on the size and shape of
the bioreactor, the conformability between the single-use
bioprocessing bag and the bioreactor can be improved,
and the problem that the flow field shape of the culture
liquid inside a culture system deviates from ideal flow
field shape confirmed during design is solved, thus help-
ing to improve the final cell culture effect.
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Brief Description of The Drawings

[0022] The following drawings are used to illustrate
embodiments more clearly, and should not be construed
as limiting the protection scope of the present invention.

Figure 1 shows a schematic diagram of the structure
of a single-use bioprocessing bag;

Figure 2 shows a flow chart of a manufacturing meth-
od of a single-use bioprocessing bag;

Figure 3 shows a schematic diagram of a structure
of the first cutting template;

Figure 4 shows a schematic diagram of a structure
of the second cutting template;

Figure 5 shows a schematic diagram of a structure
of the third cutting template;

Figure 6 shows a schematic diagram of a structure
of the fourth cutting template;

Figure 7 shows a schematic diagram of a structure
of a hot-melt ring welding machine.

Detailed Description of The Invention

[0023] In order to illustrate technical solutions and ad-
vantages of the present invention more clearly, the tech-
nical solutions of the present invention will be described
clearly and completely in conjunction with the accompa-
nying drawings. The described embodiments are part of
embodiments of the present invention, rather than all of
them, and should not be construed as limiting the pro-
tection scope of the present invention.
[0024] It should be noted that, in the case of no conflict,
technical features in the embodiments of the present in-
vention can be combined with each other.
[0025] A single-use bioprocessing bag is used to be
placed in a bioreactor, wherein the upper top (that is, the
top of the upper part) of the bioreactor is circular, the
upper part of the bioreactor is cylindrical, the lower part
of the bioreactor is of inverted truncated cone shape, and
the lower bottom (that is, the bottom of the lower part) of
the bioreactor is circular, as shown in Fig. 1. Fig. 1 is a
schematic diagram of the structure of the single-use bi-
oprocessing bag, wherein the single-use bioprocessing
bag comprises a circular upper top 1, a cylindrical upper
part 2, an inverted truncated cone lower part 3, and a
circular lower bottom 4, and the circular upper top 1 has
at least two bag openings 11.
[0026] As shown in Fig. 2, Fig. 2 is a flow chart of a
manufacturing method of the single-use bioprocessing
bag, and the manufacturing method of the single-use bi-
oprocessing bag comprises:
Step S1: A first cutting template, a second cutting tem-

plate, a third cutting template, and a fourth cutting tem-
plate are obtained respectively according to the upper
top, the upper part, the lower part, and the lower bottom
of the bioreactor.
[0027] Specifically, the first cutting template corre-
sponds to the shape and size of the upper top, as shown
in FIG. 3, which is a schematic diagram of the structure
of the first cutting template. The shape of the first cutting
template is circular, its circumference is the circumfer-
ence of the upper top, and it has openings corresponding
to at least two bag openings. The second cutting template
corresponds to the unfolded shape and size of inner wall
of the upper part, as shown in Fig. 4. Fig. 4 is a schematic
diagram of the structure of the second cutting template,
wherein the shape of the second cutting template is rec-
tangular, the length of its two opposite sides is the cir-
cumference of the cross section of the upper part’s inner
wall, and the length of the other two opposite sides is the
height of the upper part. The third cutting template cor-
responds to the unfolded shape and size of inner wall of
the lower part, as shown in Fig. 5. Fig. 5 is a schematic
diagram of the structure of the third cutting template,
wherein the shape of the third cutting template is inverted
trapezoid, the length of the longer bottom side is the cir-
cumference of the cross section of the upper part’s inner
wall, and the length of the shorter bottom side is the cir-
cumference of the lower bottom. The fourth cutting tem-
plate corresponds to the shape and size of the lower bot-
tom, as shown in Fig. 6. Fig. 6 is a schematic diagram of
the structure of the fourth cutting template, wherein the
shape of the fourth cutting template is circular, and its
circumference is the circumference of the lower bottom.
[0028] It should be noted that Fig. 1 to Fig. 6 only show
shapes and do not represent actual size relationships.
[0029] Step S2: Cutting the raw film material according
to the first cutting template, the second cutting template,
the third cutting template and the fourth cutting template
to obtain a first film material, a second film material, a
third film material and a fourth film material, and the fourth
film material directly serves as the circular lower bottom.
[0030] "Cutting the raw film material according to the
first cutting template, the second cutting template, the
third cutting template and the fourth cutting template to
obtain the first film material, the second film material, the
third film material and the fourth film material" means that
the raw film material is cut according to the first cutting
template to obtain the first film material, the raw film ma-
terial is cut according to the second cutting template to
obtain the second film material, the raw film material is
cut according to the third cutting template to obtain the
third film material, and the raw film material is cut accord-
ing to the fourth cutting template to obtain the fourth film
material.
[0031] Wherein, the error between the size of the first
film material and the size of the first cutting template is
less than or equal to 2 mm, the error between the size
of the second film material and the size of the second
cutting template is less than or equal to 2 mm, the error
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between the size of the third film material and the size of
the third cutting template is less than or equal to 2 mm,
and the error between the size of the fourth film material
and the size of the fourth cutting template is less than or
equal to 2 mm, so as to make the single-use bioprocess-
ing bag and the bioreactor fit with each other better.
[0032] Further, in order to ensure that the above errors
are less than or equal to 2mm, when cutting the raw film
material according to the size and shape of the bioreac-
tor, only two layers of the raw film material at the most
(such as one or two layers) are cut each time.
[0033] For example, the above-mentioned raw film ma-
terial is a special film suitable for cell culture. During the
cutting process, firstly the raw film material is spread on
the worktable, and then cut according to the cutting tem-
plate (a collective name of the first cutting template, the
second cutting template, the third cutting template and
the fourth cutting template). If an automatic cutting knife
is used to cut, it is ensured that the cutting templates or
ruler cannot be displaced, so as to minimize the size error
caused during the cutting process.
[0034] Step S3: The at least two bag openings are
welded on the first film material to obtain the circular up-
per top.
[0035] Wherein, those that are welded on the surface
of the first film material and can be connected to a pipeline
are collectively referred to as the bag openings. The
above-mentioned bag openings may be a sampling port,
an air outlet, a liquid outlet, a sensor interface, a spare
pipe, an air inlet, a liquid inlet, etc. A hot melt liquid bag
opening welding machine can be used to weld the at least
two bag openings on the first film material.
[0036] The inventors found that in the process of weld-
ing film materials using various hot-melt welding ma-
chines, the air pressure (that is, the downward pressure
exerted by the cylinder of the hot-melt welding machine
on the upper mold), the temperature of the upper mold,
the temperature of the lower mold, the gap between the
upper mold and the lower mold, the welding time, and
the width of the welding edges, among other processing
parameters, will all affect the welding effect. More spe-
cifically, it is as below:
Too low air pressure, too low temperature of the upper
mold, too low temperature of the lower mold, too large
gap between the upper mold and the lower mold, and
too short welding time will cause that the welding edges
cannot be uniformly and fully fused and affect the welding
strength. Excessive air pressure, too high temperature
of the upper mold, too high temperature of the lower mold,
too small gap between the upper mold and the lower
mold, and too long welding time will damage the inner
surface structure layer of the film material, which will lead
to the decrease of physical properties of the welding edge
and the destruction of oxygen barrier layer. Too narrow
welding edge will affect welding strength, and too wide
welding edge will cause waste of the film material.
[0037] Based on the above, when welding the at least
two bag openings on the first film material, the processing

parameters are as the following: the air pressure is 0.5
MPa, the temperature of the upper mold is 110 °C 6 2
°C, the temperature of the lower mold is 80 °C 6 2 °C,
the gap between the upper mold and the lower mold is
1.5mm, the welding time is 6 s ∼ 8 s, and the width of the
welding edge is 8mm.
[0038] For example, the specific way of welding the at
least two bag openings on the first film material is as
follows: adjusting the gap between the upper mold and
the lower mold to 1.5 mm, using the upper mold heating
system in the hot-melt welding machine to heat up the
upper mold to 110 °C 6 2 °C, then the upper mold being
given a downward pressure of 0.5 MPa through the air
cylinder so that the upper mold and the lower mold
squeeze the first film material and the bag openings at a
fixed pressure, and the welding time being 6 s ∼ 8 s to
make the welding surfaces fully fused after heating, so
as to ensure that the sealing performance and heat seal-
ing strength of the welding edges meet the requirements.
[0039] Optionally, when welding at least two bag open-
ings on the first film material, a layer of high temperature
cloth is placed on the non-welding surface of the first film
material, to avoid destroying the non-welding surface of
the first film material during the welding.
[0040] Step S4: The second film material is welded to
obtain the cylindrical upper part.
[0041] A hot-melt straight-line welding machine can be
used to weld the second film material to obtain the cylin-
drical upper part.
[0042] Optionally, when welding the second film ma-
terial, the processing parameters are as the following:
the air pressure is 0.6 MPa, the temperature of the upper
mold is 135 °C 6 2 °C, the temperature of the lower mold
is 90 °C 6 2 °C, the gap between the upper mold and
the lower mold is 0.6 mm, the welding time is 6 s ∼ 9 s,
the width of the welding edge is 10mm, and the thickness
of the welding edge is 0.6 mm 6 0.1 mm.
[0043] The reasons for selecting the above processing
parameters and the specific welding way in S4 is similar
to the specific contents in S3, and will not be repeated
here.
[0044] Step S5: The third film material is welded to ob-
tain the inverted truncated cone lower part.
[0045] In the embodiment of the present invention, a
hot-melt straight line welding machine can be used to
weld the third film material to obtain the inverted truncated
cone lower part.
[0046] Optionally, when welding the third film material,
the processing parameters are as the following: the air
pressure is 0.6 MPa, the temperature of the upper mold
is 135 °C 6 2 °C, the temperature of the lower mold is
90 °C 6 2 °C, the gap between the upper mold and the
lower mold is 0.6 mm, the welding time is 6 s ∼ 9 s, the
width of the welding edge is 10 mm, and the thickness
of the welding edge is 0.6 mm 6 0.1 mm.
[0047] The reasons for selecting the processing pa-
rameters and the specific welding way in S5 is similar to
the specific contents in S3, and will not be repeated here.
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[0048] Step S6: Using a hot-melt ring welding machine
to weld the circular upper top, the cylindrical upper part,
the inverted truncated cone lower part, and the circular
lower bottom to obtain the single-use bioprocessing bag,
wherein the hot-melt ring welding machine is used to weld
the annular welding edge.
[0049] Optionally, when using the hot-melt ring welding
machine to perform welding of the circular upper top, the
cylindrical upper part, the inverted truncated cone lower
part, and the circular lower bottom, the processing pa-
rameters are as the following: the air pressure is 0.6 MPa,
the temperature of the upper mold is 135 °C 6 2, the
welding time is 50 s ~ 55 s, and the width of the welding
edge is 10mm. In this embodiment, the lower mold is not
heated.
[0050] The reasons for selecting the processing pa-
rameters in S6 are similar to the specific contents in S3,
and will not be repeated here. The specific welding way
in S6 will be described in detail below in conjunction with
the specific structure of the hot-melt ring welding ma-
chine.
[0051] Wherein, the sequence of steps S3, S4, and S5
is not limited in the embodiment of the present invention,
and the sequence can be steps S3, S4, S5, or steps S3,
S5, S4, or steps S4, S3, S5, or steps S4, S5, S3, or steps
S5, S4, S3, or steps S5, S3, S4, and those skilled in the
art can make selection according to actual needs.
[0052] On one hand, because during the process of
manufacturing the single-use bioprocessing bag using
the above manufacturing method of the single-use bio-
processing bag, at least two bag openings are welded
on the first film material to obtain the circular upper top,
the second film material is welded to obtain the cylindrical
upper part, the third film material is welded to obtain the
inverted truncated cone lower part, and the hot-melt ring
welding machine is used to weld the circular upper top,
the cylindrical upper part, the inverted truncated cone
lower part, and the circular lower bottom, so as to obtain
the single-use bioprocessing bag, there are fewer weld-
ing times, fewer welding edges, and smaller overlapping
parts of the welding edges during the manufacturing
process of the single-use bioprocessing bag, which can
improve the physical properties of the welding edge of
the single-use bioprocessing bag and reduce the risk of
rupture of the single-use bioprocessing bag and the leak-
age of the culture liquid in the bag. On the other hand,
because the first film material, the second film material,
the third film material and the fourth film material are all
made by cutting the raw film material according to the
first cutting template, the second cutting template, the
third cutting template and the fourth-cutting template that
are made based on the size and shape of the bioreactor,
the conformability between the single-use bioprocessing
bag and the bioreactor can be improved, and the problem
that the flow field shape of the culture liquid inside a cul-
ture system deviates from ideal flow field shape con-
firmed during design is solved, thus helping to improve
the final cell culture effect.

[0053] Optionally, the manufacturing method of the
single-use bioprocessing bag further comprises: during
the process of using the hot-melt ring welding machine
to perform welding of the circular upper top, the cylindrical
upper part, the inverted truncated cone lower part, and
the circular lower bottom, the upper mold and the lower
mold of the hot-melt ring welding machine are changed
respectively according to the diameters of the circular
upper top and the diameter of the circular lower bottom.
[0054] Optionally, the manufacturing method of the
single-use bioprocessing bag further comprises: after ob-
taining the single-use bioprocessing bag, performing an
air tightness test on the single-use bioprocessing bag
using a pressure drop method, to determine whether the
air tightness of the single-use bioprocessing bag meets
the requirements, so as to avoid to use in the bioreactor
defective products produced during the manufacturing
process, such as the single-use bioprocessing bag that
does not meet the air tightness requirements, to cause
the leakage of the culture liquid.
[0055] The operation method above is as follows. The
single-use bioprocessing bag obtained by welding is fully
cooled, and then its multiple bag openings are sealed
with a silicone tube, and at the same time two bag open-
ings are left for pressure-holding and leak testing. In order
to be able to quickly and effectively test the integrity of
the single-use bioprocessing bag, it needs to maintain a
constant temperature to avoid temperature fluctuations
that will affect the pressure inside the single-use bio-
processing bag and thus affect the accuracy of the test
results. After the pressure holding time is over, if the ac-
tual pressure inside the single-use bioprocessing bag is
80% or more of the holding pressure (that is, the pressure
inside the single-use bioprocessing bag at the beginning
of the pressure holding), the air tightness of the single-
use bioprocessing bag is qualified, otherwise the air tight-
ness of the single-use bioprocessing bag is unqualified.
[0056] Optionally, in the pressure drop method above,
the parameters of pressure holding process are as fol-
lowing. The ambient temperature is 26 °C 6 2 °C in sum-
mer time, or 20 °C 6 2 °C in winter time, humidity is 40%-
60%, and the pressure holding time is 48 h. When the
volume of the single-use bioprocessing bag is 5 L, the
holding pressure is 4 kPa; when the volume of the single-
use bioprocessing bag is 50 L, the holding pressure is 2
kPa; when the volume of the single-use bioprocessing
bag is 300 L, the holding pressure is 0.6 kPa; and when
the volume of the single-use bioprocessing bag is 1200
L, the holding pressure is 0.3 kPa.
[0057] In addition, the present invention also relates to
a single-use bioprocessing bag, which is manufactured
by using any of the above-mentioned manufacturing
methods of the single-use bioprocessing bag. Specifical-
ly, as shown in Fig. 1, the single-use bioprocessing bag
comprises the circular upper top 1, the cylindrical upper
part 2, the inverted truncated cone lower part 3, and the
circular lower bottom 4, and the circular upper top 1 has
at least two bag openings 11.
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[0058] Since the single-use bioprocessing bag is made
by using the manufacturing method of the single-use bi-
oprocessing bag described in any of the above embod-
iments, the single-use bioprocessing bag has fewer weld-
ing edges, and smaller overlapping parts of the welding
edges, which can improve the physical properties of the
welding edges of the single-use bioprocessing bag and
reduce the risk of rupture of the single-use bioprocessing
bag and the leakage of the culture liquid in the bag. And,
the conformability between the single-use bioprocessing
bag and the bioreactor is relatively better, which solves
the problem of the flow field shape of the culture liquid
inside the culture system deviating from ideal flow field
shape confirmed during design, and then helps to im-
prove the final cell culture effect.
[0059] In addition, the present invention also relates to
a hot-melt ring welding machine. Specifically, as shown
in Fig. 7, Figure 7 is a schematic diagram of the structure
of a hot-melt ring welding machine, wherein the hot-melt
ring welding machine comprises a base 71, a support
72, an upper mold 73, a lower mold 74, a cylinder 75,
and a screw guide rail 76. The lower mold 74 is detach-
ably connected to the base 71, the support 72 is fixed to
one end of the base 71, the screw guide rail 76 is fixed
to the support 72, the cylinder 75 is fixed to the screw
guide rail 76, the upper mold 73 is detachably connected
to the bottom of the piston of the cylinder 75, the upper
mold 73 is an arc-shaped piece, the lower mold 74 is a
hollow cylinder, the upper mold 73 has a built-in heating
module, and the lower mold 74 is able to rotate about its
axial direction at any angle between 0 and 360°.
[0060] When using the above-mentioned hot-melt ring
welding machine to weld the ring-shaped welding edges,
the heating module built in the upper mold 73 of the hot-
melt ring welding machine is used to heat the upper mold
to a set temperature, and the upper mold 73 is given a
downward pressure through the cylinder 75, which caus-
es the upper mold 73 and the lower mold 74 to squeeze
the film material at a fixed pressure for welding. During
the welding process, the lower mold 74 rotates, so that
the film material on the lower mold 74 rotates, making
the film material corresponding to the cylinder of the hol-
low cylinder lower mold 74 is placed between the lower
mold 74 and the upper mold 73 for a certain period of
time, and then is welded, so that the ring-shaped welding
edges can be welded by the hot-melt ring welding ma-
chine.
[0061] The lower mold 74 can be driven by a motor to
rotate. It can rotate at a constant speed or rotate a certain
angle each time. The angle is a central angle correspond-
ing to the upper mold 73 of the arc-shaped piece. After
rotation, it stays for a certain period of time for welding.
It continues until the welding of ring-shaped welding edge
is completed. The selection of rotation speed of constant
speed rotation and the staying time should meet the fol-
lowing requirements: the welding time of each position
of the welding edge meets the requirements of the weld-
ing time in the processing parameters of the above-men-

tioned step S6. Those skilled in the art can make reason-
able designs based on this.
[0062] Optionally, the lower mold can rotate from 0 to
360° about its axial direction, so that the rotation of the
lower mold drives the rotation of the film or structure to
be welded, and thus the upper mold with a relatively
smaller size can weld relatively large film material or
structure, and can respectively weld various positions of
irregularly shaped film material or structure, therefore
helping to improve the scope of application of the hot-
melt ring welding machine.
[0063] Optionally, in order to ensure that the mold and
the film material of the ring-shaped welding edges are
uniformly pressured, a silicone plate is laid on the upper
surface of the lower mold, so that the upper mold and
the lower mold are uniformly pressured to ensure the
uniformity of the welding effect. The inventors found that
if the silicone plate is too thin, the effect is not good, and
if the silicone plate is too thick, the cost is too high. Based
on this, the thickness of the silicone plate is selected as
2mm.
[0064] Optionally, as shown in Fig. 7, the hot-melt ring
welding machine comprises two cylinders 75. In the ver-
tical direction, the position of the screw guide rail 76 over-
laps with the position of the symmetry axis of the upper
mold 73, and the two cylinders 75 are symmetrically ar-
ranged with respect to the symmetry axis of the upper
mold 73, so that pressure is applied to the upper mold
73 by the two cylinders 75 at the same time. Thus, the
pressure at each position of the upper mold 73 is rela-
tively more uniform, the welding effect is relatively more
uniform, and the physical properties of the welding edges
are relatively better.
[0065] Optionally, a plurality of rollers 77 are provided
at the bottom of the base 71 to facilitate the movement
of the hot-melt ring welding machine.
[0066] The present invention provides a single-use bi-
oprocessing bag and manufacturing method thereof, and
a hot-melt ring welding machine. On one hand, because
during the process of manufacturing the single-use bio-
processing bag using the above manufacturing method
of the single-use bioprocessing bag, at least two bag
openings are welded on the first film material to obtain
the circular upper top, the second film material is welded
to obtain the cylindrical upper part, the third film material
is welded to obtain the inverted truncated cone lower
part, and the hot-melt ring welding machine is used to
weld the circular upper top, the cylindrical upper part, the
inverted truncated cone lower part, and the circular lower
bottom, so as to obtain the single-use bioprocessing bag,
there are fewer welding times, fewer welding edges, and
smaller overlapping parts of the welding edges during
the manufacturing process of the single-use bioprocess-
ing bag, which can improve the physical properties of the
welding edge of the single-use bioprocessing bag and
reduce the risk of rupture of the single-use bioprocessing
bag and the leakage of the culture liquid in the bag. On
the other hand, because the first film material, the second
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film material, the third film material and the fourth film
material are all made by cutting the raw film material ac-
cording to the first cutting template, the second cutting
template, the third cutting template and the fourth-cutting
template that are made based on the size and shape of
the bioreactor, the conformability between the single-use
bioprocessing bag and the bioreactor can be improved,
and the problem that the flow field shape of the culture
liquid inside a culture system deviates from ideal flow
field shape confirmed during design is solved, thus help-
ing to improve the final cell culture effect.
[0067] Finally, it should be noted that the above em-
bodiments are only used to illustrate the technical solu-
tions of the present invention, but not to limit it. Although
the present invention has been described in detail with
reference to the foregoing embodiments, those of ordi-
nary skill in the art should understand it is still possible
to modify the technical solutions recorded in the forego-
ing embodiments, or equivalently replace some or all the
technical features. Such modifications or replacements
do not make the essence of the corresponding technical
solutions to deviate from the scope of the present inven-
tion.

Claims

1. A manufacturing method of a single-use bioprocess-
ing bag, characterized in that,
the single-use bioprocessing bag is used to be
placed in a bioreactor, with an upper top of the bio-
reactor being circular, an upper part of the bioreactor
being cylindrical, a lower part of the bioreactor being
inverted truncated cone shape, and a lower bottom
of the bioreactor being circular, the single-use bio-
processing bag comprises a circular upper top, a cy-
lindrical upper part, a lower part of an inverted trun-
cated cone, and a circular lower bottom, with the
circular upper top having at least two bag openings;
the manufacturing method comprises:

a first cutting template, a second cutting tem-
plate, a third cutting template, and a fourth cut-
ting template being made respectively accord-
ing to the upper top, the upper part, the lower
part and the lower bottom of the bioreactor;
cutting a raw film material according to the first
cutting template to obtain a first film material,
cutting the raw film material according to the sec-
ond cutting template to obtain a second film ma-
terial, cutting the raw film material according to
the third cutting template to obtain a third film
material, cutting the raw film material according
to the fourth cutting template to obtain a fourth
film material, and the fourth film material directly
serving as the circular lower bottom;
welding the at least two bag openings on the
first film material to obtain the circular upper top;

welding the second film material to obtain the
cylindrical upper part;
welding the third film material to obtain the in-
verted truncated cone lower part;
using a hot-melt ring welding machine to weld
the circular upper top, the cylindrical upper part,
the inverted truncated cone lower part, and the
circular lower bottom to obtain the single-use
bioprocessing bag, wherein the hot-melt ring
welding machine is used to weld an annular
welding edge.

2. The manufacturing method of a single-use bio-
processing bag according to claim 1, wherein the
error between the size of the first film material and
the size of the first cutting template is less than or
equal to 2 mm, the error between the size of the
second film material and the size of the second cut-
ting template is less than or equal to 2 mm, the error
between the size of the third film material and the
size of the third cutting template is less than or equal
to 2 mm, and the error between the size of the fourth
film material and the size of the fourth cutting tem-
plate is less than or equal to 2 mm.

3. The manufacturing method of a single-use bio-
processing bag according to claim 2, wherein when
cutting the raw film material, two layers of the raw
film material at the most are cut each time.

4. The manufacturing method of a single-use bio-
processing bag according to claims 1, wherein when
welding the at least two bag openings on the first film
material, the processing parameters are as follow-
ing:
the air pressure is 0.5 MPa, the temperature of the
upper mold is 110 °C 6 2 °C, the temperature of the
lower mold is 80 °C 6 2 °C, the gap between the
upper mold and the lower mold is 1.5mm, the welding
time is 6 s ∼ 8 s, and the width of the welding edge
is 8mm.

5. The manufacturing method of a single-use bio-
processing bag according to claims 1, wherein when
welding the at least two bag openings on the first film
material, a layer of high temperature cloth is placed
on a non-welding surface of the first film material.

6. The manufacturing method of a single-use bio-
processing bag according to claims 1, wherein when
welding the second film material, the processing pa-
rameters are as following:
the air pressure is 0.6 MPa, the temperature of the
upper mold is 135 °C 6 2 °C, the temperature of the
lower mold is 90 °C 6 2 °C, the gap between the
upper mold and the lower mold is 0.6mm, the welding
time is 6 s ∼ 9 s, the width of the welding edge is 10
mm, and the thickness of the welding edge is 0.6
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mm 6 0.1 mm.

7. The manufacturing method of a single-use bio-
processing bag according to claim 1, wherein when
welding the third film material, the processing pa-
rameters are as following:
the air pressure is 0.6 MPa, the temperature of the
upper mold is 135 °C 6 2 °C, the temperature of the
lower mold is 90 °C 6 2 °C, the gap between the
upper mold and the lower mold is 0.6mm, the welding
time is 6 s ∼ 9 s, the width of the welding edge is
10mm, and the thickness of the welding edge is 0.6
mm 6 0.1 mm.

8. The manufacturing method of a single-use bio-
processing bag according to claim 1, wherein when
using the hot-melt ring welding machine to perform
welding of the circular upper top, the cylindrical upper
part, the inverted truncated cone lower part, and the
circular lower bottom, the processing parameters are
as following:
the air pressure is 0.6 MPa, the temperature of the
upper mold is 135 °C 6 2, the welding time is 50 s
∼ 55 s, and the width of the welding edge is 10 mm.

9. The manufacturing method of a single-use bio-
processing bag according to claim 1, wherein the
manufacturing method further comprises: during the
process of using the hot-melt ring welding machine
to perform welding of the circular upper top, the cy-
lindrical upper part, the inverted truncated cone low-
er part, and the circular lower bottom, the upper mold
and the lower mold of the hot-melt ring welding ma-
chine are changed according to the diameter of the
circular upper top and the diameter of the circular
lower bottom, respectively.

10. The manufacturing method of a single-use bio-
processing bag according to claim 1, wherein the
manufacturing method further comprises: after ob-
taining the single-use bioprocessing bag, performing
an air tightness test on the single-use bioprocessing
bag using a pressure drop method.

11. The manufacturing method of a single-use bio-
processing bag according to claim 10, wherein in the
pressure drop method, the parameters of a pressure
holding process are as following:

the ambient temperature is 26 °C 6 2 °C in sum-
mer time, 20 °C 6 2 °C in winter time, the hu-
midity is 40%-60%, and a pressure holding time
is 48 h;
when the volume of the single-use bioprocess-
ing bag is 5 L, the holding pressure is 4 kPa;
when the volume of the single-use bioprocess-
ing bag is 50 L, the holding pressure is 2 kPa;
when the volume of the single-use bioprocess-

ing bag is 300 L, the holding pressure is 0.6 kPa;
and when the volume of the single-use bio-
processing bag is 1200 L, the holding pressure
is 0.3 kPa.

12. A single-use bioprocessing bag, characterized by
being made with the manufacturing method of a sin-
gle-use bioprocessing bag according to any one of
claims 1-11.

13. A hot-melt ring welding machine, characterized by
comprising a base, a support, an upper mold, a lower
mold, a cylinder, and a screw guide rail, wherein the
lower mold is detachably connected to the base, the
support is fixed to one end of the base, the screw
guide rail is fixed on the support, the cylinder is fixed
on the screw guide rail, the upper mold is detachably
connected to the bottom of the piston of the cylinder,
the upper mold is of an arc-shaped piece, the lower
mold is a hollow cylinder, the upper mold has a built-
in heating module, and the lower mold is able to ro-
tate about its axial direction at any angle between 0
and 360°.

14. The hot-melt ring welding machine according to
claim 13, wherein a silicone plate is laid on the upper
surface of the lower mold.

15. The hot-melt ring welding machine according to
claim 14, wherein the thickness of the silicone plate
is 2 mm.

16. The hot-melt ring welding machine according to
claim 13, wherein the hot-melt ring welding machine
comprises two cylinders, in the vertical direction the
position of the screw guide rail overlaps with the po-
sition of the symmetry axis of the upper mold, and
the two cylinders are symmetrically arranged with
respect to the symmetry axis of the upper mold.
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